Research I

Nipah virus circulation at human-bat interfaces, Cambodia

Julien Cappelle, Thavry Hoem,® Vibol Hul > Neil Furey,© Kunthy Nguon,® Steven Prigent, Liane Dupon,?
Sreymom Ken,” Chhoeuth Neung,® Visal Hok,” Long Pring,° Thona Lim,” Sara Bumrungsri,¢ Raphaél Duboz,?
Philippe Buchy,” Sowath Ly,® Veasna Duong,® Arnaud Tarantola,” Aurélie Binot® & Philippe Dussart®

Objective To better understand the potential risks of Nipah virus emergence in Cambodia by studying different components of the interface
between humans and bats.

Methods From 2012 to 2016, we conducted a study at two sites in Kandal and Battambang provinces where fruit bats (Pteropus lylei)
roost. We combined research on: bat ecology (reproductive phenology, population dynamics and diet); human practices and perceptions
(ethnographic research and a knowledge, attitude and practice study); and Nipah virus circulation in bat and human populations (virus
monitoring in bat urine and anti-Nipah-virus antibody detection in human serum).

Findings Our results confirmed circulation of Nipah virus in fruit bats (28 of 3930 urine samples positive by polymerase chain reaction
testing). We identified clear potential routes for virus transmission to humans through local practices, including fruit consumed by bats and
harvested by humans when Nipah virus is circulating, and palm juice production. Nevertheless, in the serological survey of 418 potentially
exposed people, none of them were seropositive to Nipah virus. Differences in agricultural practices among the regions where Nipah virus
has emerged may explain the situation in Cambodia and point to actions to limit the risks of virus transmission to humans.

Conclusion Human practices are key to understanding transmission risks associated with emerging infectious diseases. Social science
disciplines such as anthropology need to be integrated in health programmes targeting emerging infectious diseases. As bats are hosts
of major zoonotic pathogens, such integrated studies would likely also help to reduce the risk of emergence of other bat-borne diseases.

Abstractsin ( ,<, H13Z, Francais, Pycckuii and Espafiol at the end of each article.

Introduction

Infectious diseases remain an important threat to global health,
as demonstrated by the recent emergence of coronavirus dis-
ease-2019 (COVID-19)." The risk of such an emergence was
known and in its 2018 list of priority diseases the World Health
Organization (WHO) recognized that a serious international
epidemic could be caused by a pathogen then unknown.
Emerging infectious diseases related to known pathogens also
pose a serious threat. For example, Nipah virus has caused
recurrent disease outbreaks in Bangladesh and western India’
and the most recent outbreak in Kerala in 2018 was the first
recorded in southern India.* Some of these outbreaks involved
human-to-human transmission, demonstrating potential for
wider spread of this virus causing highly lethal encephalitis.”
Most emerging infectious diseases are zoonotic and origi-
nate in wildlife, and the epidemiology of the disease is often
complex.® Since multiple factors including environmental and
anthropological factors are often involved in the processes of
disease emergence,” surveillance and control requires inte-
grated (transdisciplinary and trans-sectoral) approaches in
health management.®

Fruit bats of the Pteropus genus, also known as flying
foxes, are the main reservoir for the Nipah virus, which makes
understanding of their ecology central to any research on
Nipah virus emergence.”"” Agricultural practices have also
been key factors in the emergence of the disease in humans. For

instance, in Malaysia, where the first reported Nipah outbreak
led to 265 human cases and 105 deaths, intensification of pig
farming and cultivation of fruit trees in the same locations was
an important determinant of the outbreak. The outbreak was
ultimately curtailed by the culling of over 1 million pigs.'""?
In Bangladesh and India, consumption of raw palm sap is the
main route of transmission of the virus to humans.>"? Although
simple prevention measures such as use of bamboo skirts on
trees to prevent bats from accessing the palm sap have been
suggested, the adoption of these skirts by local communi-
ties depends on their perceptions of transmission risks and
diseases in general.’* As a consequence, understanding com-
munities’ perceptions towards bats and diseases is critical to
the success of any prevention plan.

Little is known about the circulation of bat-borne diseases
in general and of Nipah virus in particular in Cambodia.
Though Nipah virus was isolated in 2000 from a Pteropus lylei
roost in western Cambodia, this finding was never replicated
and no human case has been reported in the country.” This
situation may be similar to Thailand, where Nipah virus cir-
culates in P. [ylei populations, but where human and domestic
animal cases have never been reported.'® Over a dozen P. lylei
roosts are known in Cambodia and most of these are located
in villages or cities, which suggests clear interfaces with hu-
mans and potential for direct or indirect contact.” Studies
of Nipah virus circulation in bats, coupled with research
on agricultural practices and risk perceptions within local
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Fig. 1. Location of study sites in Cambodia and studies undertaken at each site, 2013-2016
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GPS: global positioning system; KAP: knowledge, attitude and practice.

communities, would shed light on the
potential risk for Nipah virus emergence
in Cambodia, either through the trans-
mission routes observed elsewhere or
due to country-specific factors. Better
knowledge would also help to identify
human populations at risk who could
then be targeted for future surveillance
and prevention programmes.

The overall objective of our study
was to better understand the poten-
tial risks of Nipah virus emergence in
Cambodia. We combined research on
bat ecology (reproductive phenology,
population dynamics and diet); human
practices and perceptions (ethnographic
research and knowledge, attitude and
practice studies); and Nipah virus
circulation studies in bat and human
populations (virus monitoring in bat
urine and anti-Nipah virus antibody
detection in human serum). We aimed
to: (i) confirm the presence of Nipah
virus in bat populations and understand
circulation patterns; (ii) determine po-
tential transmission routes for the virus
from bats to humans; and (iii) identify
potential unreported virus transmission
from fruit bats to humans (spillover) and
the associated risk factors.
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Methods

Our study was undertaken at two sites
in rural areas of Kandal and Battambang
provinces in Cambodia, where large P.
lylei populations have been reported
(Fig. 1). More details of the location and
laboratory methods are in the authors’
data repository."*

Census, diet and reproductive
cycle

We conducted monthly censuses from
March 2013 to August 2016 to estimate
the size of the P. lylei population at the
primary study site in Kandal province.
An exit census was undertaken on two
consecutive evenings every month when
the bats emerged from the roost at dusk.
During the exit censuses, we used hand-
held tally counters to count the bats
on the two main routes they used to
disperse from the roost each evening."”
The bats were also observed directly with
binoculars during the day every month
to identify specific phases of their annual
reproductive cycle, including mating,
parturition and weaning. A study of
the diet of P. lylei based on the analysis
of faecal samples was also implemented
from December 2013 to May 2014 at the
primary study site."®

Main study site - Kandal province

Reproduction phenology ~ Dec 2012-Aug 2016

census
Urine sampling Mar 2013-Dec 2016
Diet study Dec 2013-May 2014
GPS study Apr-May 2016
(Choden et al 2019)

Ethnographic study Sep 2014

KAP study Apr-Sep 2016
Serology study May-Sep 2016

Secondary study site- Battambang province
Reproduction phenology ~ Dec 2012-Jan 2013
census

Urine sampling Mar 2013-May 2015

Jul 2016
Jul 2016

KAP study
Serology study

Urine sampling and testing

We undertook research on Nipah virus
circulation in P. lylei by testing bat urine
samples collected at the primary study
site from 2013 to 2016. We performed
preliminary sampling each month from
March to July 2013 to assess seasonal-
ity in the occurrence of Nipah virus,
as suggested by a previous study on P.
Iylei in Thailand.”® We subsequently
conducted longitudinal sampling at
the same site from March 2014 to Sep-
tember 2016, which comprised 36 sam-
pling sessions separated by intervals of
3 weeks to 2 months. We also collected
urine samples at the secondary study
site in Battambang province each
month from March to June 2013, and
in May 2014, and April and May 2015.
The timing of the latter sampling was
again chosen to reflect the seasonality
of Nipah virus observed in Thailand.*
In each sampling session, we collected
a target of 100 urine samples with
micropipettes over one or two consecu-
tive mornings from plastic sheets laid
under the trees where the bats roost. A
volume of 0.5 mL of urine was collected
per sample, which was transferred to
cryotubes and immediately stored in
liquid nitrogen.
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We screened all samples for Nipah
virus ribonucleic acid detection using
a SYBR® Green reverse transcription
polymerase chain reaction (RT-PCR)
assay’!' and suspect samples were tested
by a duplex nested RT-PCR method."***

Ethnographic study

We conducted an ethnographic study
at our primary study site in Kandal
province to understand local uses
and perceptions related to fruit bats,
with a specific emphasis on health
issues and potential risks for disease
transmission from bats to humans.
A Khmer-speaking French anthro-
pologist undertook semi-structured
interviews with villagers representa-
tive of the people potentially exposed
to fruit bats. Individual and collective
interviews were conducted with the fol-
lowing participants: a group of monks
and elders involved in the social and
religious life of the Buddhist pagoda
where the P. lylei roost is located; the
head of the pagoda; a fruit-bat hunter;
two palm-juice collectors; two mango
and sapodilla fruit plantation owners;
two fruit sellers at the local market; the
owner of a commercial pig farm; and
the owner of a pig-breeding farm who
also owned a mango plantation. All of
the data obtained were transcribed and
analysed in a qualitative manner.

Knowledge, attitude and practice
study

Using the results of our ethnographic
study we developed a questionnaire
comprehensible to our respondents.
The questionnaire was developed in
Khmer by our anthropologist and team
of epidemiologists and ecologists to
obtain quantitative information on the
uses and perceptions related to fruit bats
in the study area.

We interviewed residents in the
primary study area in 2016 at the same
time as a P. lylei global positioning sys-
tem (GPS) telemetry study.”> Additional
residents were selected based on the re-
sults of the GPS telemetry in areas where
clear interactions between fruit bats and
humans were observed, most notably as
a result of fruit farming, fruit collection
and pig farming.” In addition, a group of
residents living within a 10 km radius of
the P, lylei roost in Battambang province
were also interviewed and asked to par-
ticipate in the serological study.
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Fig. 2. Population dynamics and reproductive phenology of Pteropus Iylei in Kandal

province, Cambodia, 2013-2016
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Serological survey Results

To identify potentially undetected
spillovers of Nipah virus from P. lylei
to humans in the past, we implemented
a serological survey of people with the
highest exposure risk to fruit bats at our
study sites. The study was first presented
to the village authorities and eligible
subjects were then selected based on
their occupation and the results of the
GPS telemetry study.” Palm juice col-
lectors, fruit farmers and collectors,
fruit-bat hunters and people living or
working under the roost were specifi-
cally targeted. We tested sera for Nipah
virus immunoglobulin G antibodies by
an in-house enzyme-linked immuno-
sorbent assay.'®

Ethics

The study was approved by the Cam-
bodian National Ethics Commit-
tee for Human Research (approval
#087NECHR/2011). We obtained writ-
ten informed consent from the partici-
pants, or their parent or guardian, for
inclusion in the study and for blood
sampling.
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Population dynamics of P. lylei

The monthly estimated population of
P lylei at our primary study site ranged
from about 2000 to 7000 individuals
and increased during the study period
(Fig. 2). Mating, parturition and wean-
ing of fruit bats occurred at the same
time each year, with mating in Novem-
ber, parturition in April and weaning in
June. Pregnancy occurred from Decem-
ber to March, while lactation took place
in April and May (Fig. 2). As anticipated,
the bat population increased each year
after weaning, when annual cohorts of
juvenile bats started flying and were con-
sequently recorded in our exit censuses.

Diet of P. lylei

We identified seven plant species from
the 210 faecal samples collected during
the study. These included pollen from
flowers of the Malay apple (Syzygium
spp.), kapok (Ceiba pentandra), petai
(Parkia spp.) and cotton tree (Bombax
ceiba), seeds from fig trees (Ficus spp.)
and fibres and pulp of sapodilla (Ma-
nilkara zapota) and mango (Mangifera
indica). Pollen belonging to two ad-
ditional unidentified species were also
present in our samples. Pollen from
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flowers (mainly Syzygium spp. and
Ceiba pentandra) were identified in
most samples collected from Decem-
ber 2013 to March 2014, whereas fruit
(mainly sapodilla) were most abundant
in samples collected in April and May

Fig. 3. Percentage of plant species in faecal samples from Pteropus lylei in Kandal
province, Cambodia, 2014

100 i
= 5y2yg1um spp. 2014 (Fig. 3).
o oo pentandra Nipah virus circulation in P. lylei
Bombax ceiba .
80 . Ficus spp. We collected a total of 3157 urine sam-
- %am/kﬁm %UdPPfa ples during 36 sampling sessions at the
- . o .
Ug&%’nﬁge’g “ primary study site in Kandal province.
Among these, 20 samples (0.6%) were
607 positive for Nipah virus genome detec-

tion. The proportions of positive samples
in individual sessions ranged from 0%
40 to 8%, with no clear seasonal pattern
of Nipah virus circulation (Fig. 4; data
repository).'® Nonetheless, Nipah virus
was detected in female bats during lacta-
20+ tion in 2013, 2014 and 2015, and during
pregnancy in 2015. Outside of these
periods, the virus was only detected in
one sampling session in October 2015

9% of faecal samples with plant presence

Dec Jan Feb Mar Apr May and was not detected in 2016, despite
2013 2014 10 sampling sessions undertaken in nine
Month, year different months. As a result, detection

rates of Nipah virus were higher during
the reproductive stages of pregnancy
Note: We analysed a total of 210 faecal samples collected from December 2013 to May 2014. and lactation Compared with the rest of
the year, with 18 out of 1962 (0.9%) and
2 out of 1213 (0.2%) samples positive, re-
spectively (logistic regression, adjusted
odds ratio, OR: 5.61; 95% confidence

Fig. 4. Percentage of Nipah virus-positive samples from individual sampling sessions of interval, CI: 1.61-35.3).

Pteropus lylei urine in Kandal province, Cambodia, 2013-2016 A total of 773 urine samples were
collected during seven sampling ses-

sions at the Battambang roost site. Most
20 of these sampling sessions occurred
during the lactation period of female
bats with only one session during preg-
nancy and one following lactation in
15 - 2013 (data repository).'® Overall, eight
samples (1.0%) were confirmed positive
for Nipah virus and the proportions
of positive samples from individual
sessions ranged from 0 to 4.5% (data
repository).'®

Ethnographic study

Farmers reported that fruit bats ate
cultivated fruits, but that these noctur-
nal visits did not bother them because
the bats consumed ripe fruit, whereas
mango and sapodilla fruit, the most
commonly cultivated fruit, are col-
lected before they ripen. As a result, the
impact of bats on fruit production was
considered negligible by respondents.
However, longan (Dimocarpus longan),
Cl: confidence interval. another fruit consumed by bats, was an
Note: We collected a total of 3157 urine sample (range: 39 to 156 samples per session). exception because it is allowed to ripen
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before harvesting. Farmers consequently
reported using nets to protect these
fruits from bats.

Fruit bats can drink the juice which
flows from palm flowers into collecting
containers (typically bamboo vessels
or plastic bottles). Due to the small
diameter of the upper portion of these
containers, however, bats can presum-
ably only access nectar within them
when they are full or almost full (data
repository)."*

Study participants reported that
fruit bats were not considered a potential
source of disease for humans but that it
was considered disgusting to eat a fruit
partially consumed by an animal. More
generally, animals were not considered
by participants to be a potential source
of diseases for humans, with the excep-
tion of a few diseases including rabies,
avian influenza and malaria.

According to study participants, the
cosmological world is often implicated
in human illness. In Cambodia, the dead
(khmoch), including ancestors (daun ta),
evil spirits (preay), tutelary spirits linked
to a particular place (kru batjeay) and
household gods (neak ta), can all make
aperson ill. As a consequence, all health
care can potentially involve the invisible
world in addition to modern medicines,
which are also used. For instance, a
medical injection may sometimes work
by providing an offering to a tutelary
spirit who, if offended, might conversely
prevent it from working.

Knowledge, attitude and practice
study

We interviewed 41 people from 36
households during the GPS telemetry
study in Kandal province using the
questionnaire.' Following the telemetry
study, we interviewed and took blood
samples from 164 individuals from
41 additional households in Kandal,
bringing the total number of households
surveyed in the province to 77. In Bat-
tambang, we interviewed and sampled
254 people from 103 households. Due to
the time required to inform participants
about the study, we completed only the
three first sections of the questionnaire
for participants who also agreed to give
blood samples.

The primary difference in the
main occupation of the participants
between the two sites was the presence
of palm-juice collectors only in Kandal
(14; 7.0%) and a greater proportion of
bat-guano collectors in Battambang (27

Research

Nipah virus at human—-bat interfaces, Cambodia

Table 1. Main results of the knowledge, attitude and practice study in two provinces,

Cambodia, 2016

Variable

No. (%) of respondents

Battambang province
(n=254from 103

Kandal province
(n=205 from 77

households) households)
Frequency of consuming palm juice
Never 118 (46.4) 56 (27.3)
Occasionally 117 (46.1) 114 (55.6)
Often 15(5.9) 19(9.3)
Very often 4(1.6) 16 (7.8)
Type of palm juice consumed
Raw 131 (51.6) 84(41.0)
Processed 14 (5.5) 67 (32.7)
Don't know 109 (42.9) 43 (21.0)0
Frequency of hunting fruit bats
Never 210 (82.7) 186 (90.7)
Occasionally 34 (13.4) 17 (8.3)
Often 8(3.1) 2(1.0)
Very often 2(0.8) 0(0.0)
Frequency of consuming fruit bats
Never 227 (89.4) 173 (84.4)
Occasionally 22 (8.6) 29 (14.1)
Often 2(0.8) 2(1.0)
Very often 3(1.2) 1(0.5)
Use of partially eaten fruit by households®
Eat fruit 11(10.7) 5(6.5)
Feed animals 9(8.7) 15(19.5)
Cook 0(0.0) 12 (15.6)
Nothing or thrown away 76 (73.8) 37 (48.1)
Other 7 (6.8) 8(10.3)
Can fruit bats transmit diseases to humans?*
Yes NA 3(73)
No NA 13(31.7)
Don't know NA 25(61.0)

NA: not applicable.
¢ Only 194 respondents replied to this question.

® Only one respondent per household replied to this question.

¢ Only 41 respondents from Kandal province replied to this question.

Notes: Surveys were conducted in Kandal in April to September 2016 and in Battambang in July 2016. Palm
juice was most commonly consumed in raw form. While most respondents disposed of partially eaten fruits,
practices including consumption or feeding them to animals were still relatively common.'

people; 10.6%) than in Kandal (1 person;
0.6%). Numbers of participants raising
pigs were similar at both sites and only
16 households reported owning from
one to 11 pigs. Table 1 summarizes the
key results for practices and percep-
tions related to potential Nipah virus
transmission at the two study sites (data
repository)."®

Serological survey among
exposed villagers

Most heads of families were farmers
owning fruit trees. Participants who
were considered particularly at risk of
potential contact with fruit bats and

Bull World Health Organ 2020;98:539—547' doi: http://dx.doi.org/10.2471/BLT.20.254227

Nipah virus transmission included 14
palm-juice collectors and one palm-
juice seller, as well as four fruit-bat
hunters. All sera tested (164 in Kandal
and 254 in Battambang) were negative
for Nipah virus antibodies (data reposi-
tory).'®

Discussion

Our integrated research allowed us to
consistently collect information on dif-
ferent factors that could be involved
in Nipah virus disease emergence
among humans in our study areas.
First, by combining the results of our
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study of reproductive phenology and
virus monitoring, we confirmed the
presence of Nipah virus in bat urine
at both study sites. While Nipah virus
circulation appears to be intermittent
with no clear seasonal pattern, specific
periods, notably pregnancy (December
to March) and parturition (April-May),
coincided with increased virus detection
rates in bats. Second, by combining the
results of our diet study, virus monitor-
ing in bat urine and our ethnographic
and knowledge, attitude and practice
studies, we identified potential routes
for virus transmission from bats to hu-
mans through fruit, such as mango and
sapodilla. These two fruits are consumed
by bats and harvested by humans when
Nipah virus is potentially circulating in
the bats (April and May). Palm nectar
could also act as a transmission route
because it is commonly consumed raw
by humans and was also reported to be
consumed by bats. Furthermore, these
practices are mostly conducted in the
absence of any perception of zoonotic
risks by participants. Finally, the lack
of a confirmed Nipah virus spillover
based on our serology study of people
residing in areas with close bat-human
contact enables us to consider the likeli-
hood of Nipah virus emergence in our
study areas.

The absence of confirmed an-
tibodies against Nipah virus among
study participants could be due to two
reasons: an actual absence of previous
spillovers or a failure to detect these.
These hypotheses are discussed in more
detail in the data repository.'”® Never-
theless, our results suggest that Nipah
virus spillover would be a rare event
in our study sites. Even in Bangladesh,
where most Nipah virus outbreaks have
occurred to date, Nipah virus infection
is rare in humans and suggests that
spillover may require temporal align-
ment of a complex combination of fac-
tors that rarely occur. Palm sap, and not
palm juice, is collected in Bangladesh
using large clay pots. The ease of access
to the pots may facilitate contamination
by bats. Consumption of palm sap also
appears to be more popular in Bangla-
desh, whereas in our study areas palm
juice is preferred, but only occasionally
consumed.?* Thus, greater exposure
related to these practices in Bangladesh
may explain why intermittent shedding
of Nipah virus by bats results in recur-
rent outbreaks in Bangladesh, but not
in Cambodia.
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Our results must be interpreted
with caution because we only monitored
one fruit-bat colony for 4 years and
another one for several months over
2 years. Furthermore, the absence of de-
tection of Nipah virus in 2016 suggests
inter-annual variation could also occur,
as suggested by serological monitoring
in Malaysia.”® We are still modelling
our data set to test different factors
that might contribute to this apparent
seasonality. Possible factors include a
sharp increase in numbers of suscep-
tible juvenile bats or a revival of virus
outbreaks in pregnant and lactating
female bats.***” We also aim to explain
circulation patterns involving fluctuat-
ing herd immunity over several years.*
The apparent increase in the number of
bats in our study colony over the study
period is another factor that could be
considered in such a model. However,
in the absence of population data from
nearby roosts, differentiating between
the natural growth in numbers and im-
migration to herds could prove difficult.

Notwithstanding these limitations,
our study suggests certain surveillance
and control measures would be helpful
in Cambodia. For example, Nipah virus
should be considered as a potential cause
of acute encephalitis in Cambodia and
encephalitis patients should be tested
for Nipah virus, particularly in the case
of severe infection. In bats, surveillance
could also be targeted based on our re-
sults, which suggest increased Nipah vi-
rus circulation occurs when females are
pregnant and lactating. As our sampling
method did not allow us to collect indi-
vidual urine samples, we could not esti-
mate the prevalence of the virus in the
bat population. However, the increased
circulation of Nipah virus during bat
pregnancy and lactation suggested by
our finding is consistent with observa-
tions in Malaysia and Thailand.*** Thus,
pending available resources, Nipah virus
surveillance in bats could be intensified
in the March to May period. Allied to
this, GPS telemetry at our main study
site demonstrated that the bats moved
relatively frequently to several other
roosts located up to 105 km away. This
result suggests a global population
structure rather than a meta-population
structure,” in which case Nipah virus
surveillance at a few roost sites might
be sufficient to detect virus circulation
in the country.

Our results also allow us to propose
interventions to limit the exposure of
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local communities to bats. However,
these would involve changes in prac-
tices that can be hindered by people’s
perception of a low risk of disease.
Our ethnographic and subsequent
knowledge, attitude and practice study
showed that people in our study areas
did not perceive risks related to bats and
more generally to animals. As in many
other Asian countries, health beliefs in
Cambodia combine modern medicine
and mixing of several religious beliefs
and practices, including animistic repre-
sentations of diseases.””*" This viewpoint
was also the case in Bangladesh, where
communities impacted by Nipah virus
outbreaks developed causal explanations
involving supernatural powers.’" This
belief may in turn explain why costly
interventions are needed to change hu-
man practices despite the availability of
affordable solutions, such as bamboo
skirts on trees that prevent bats from
accessing and contaminating palm
sap.' Similarly, intensive actions may
be required in Cambodia because our
ethnographic study showed interviewees
were only aware of two zoonotic diseas-
es, including avian influenza, for which
massive national awareness campaigns
have been implemented. As such, our
study suggests efforts to improve zoo-
notic risk awareness in general may be
needed before specific communication
programmes are planned. Our findings
also suggest that interventions related
to the risk of Nipah emergence should
focus on hunting and consumption of
fruit bats, consumption of fruit partially
eaten by animals, palm-nectar collection
practices and dissociation of pig farming
and fruit farming.

In conclusion, our integrated ap-
proach allowed us to gather information
on different components of a complex
socio-ecosystem where Nipah virus
could emerge. Although each study
provides insufficient information to
draw any conclusions, when considered
together, recommendations can be pro-
vided to interrupt potential transmis-
sion routes and limit the risk of disease
emergence.

As bats are hosts of major zoo-
notic pathogens, such studies would
likely also help to reduce the risk of
emergence of other bat-borne diseases,
including diseases similar to severe
acute respiratory syndrome or CO-
VID-19.°>** While the precise chain
of events leading to the emergence
of severe acute respiratory syndrome
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coronavirus-2 (SARS-CoV-2) and its
precise origin are still unknown, studies
suggest the virus originated in bats."**
Integrated approaches are necessary to
better understand the factors driving
these emergences and implement ef-
ficient and socially acceptable surveil-
lance and control measures at the inter-
faces between bats and humans. In this
context, the emergence of SARS-CoV-2
should act as a reminder that stringent

efforts will be required to reduce the
risk of future pandemics. H

Acknowledgements

We thank all the respondents of Kandal
and Battambang provinces and Dr Keo
Omaliss. JC was affiliated to Institut
Pasteur du Cambodge during the study.
NF is also affiliated to Harrison Institute,
Bowerwood House, Kent, England. SP is
also affiliated to the Institut de Recher-

Research

Nipah virus at human—-bat interfaces, Cambodia

ches Asiatiques (CNRS UMR 7306),
Marseille, France.

Funding: This study was supported by
the European Commission Innovate
program (ComAcross project, grant no.
DCI-ASIE/2013/315-047).

Competing interests: PB is an employee of
GSK Vaccines.

S

b:ﬂcww‘}ﬂ‘quW‘Jeuw‘gﬂ)m‘

1@5&\&5&;@4@\&@)\‘1\J’)kﬁ-yfi.,ﬂdlej"\n)\
oot g e 2]l badag et Sgs JJ\
u.a r.GJJL:j M\ ubw U.A J«..,a.r« CL)\ g_UJS} coL.q
WﬁM\uﬂLw‘}'ls:MM\ \OBGJJé
ol s d Gl LS‘JWU-{J([“-’\ j\ Ll
L@Jﬂ_bdﬂ\ L;lal.l\uuwb)\ uu)l‘l\gub')’\.o-\)\ ol
u\;\)}‘d\ W Jﬁjtb))wskjw)l\fm.ucouw)ﬂ
el AL e ) sl 12 s o)
kgdmdwwmf@JUQWM@wm
).L-J| uLp..,aA Ol Lazsll Luall u.a\f’)!b dag L Jlasy|
\J\J‘cc.u‘d“\?-bu ‘Lﬂjwﬁwt}mw\(}w
L;AU*\.BLL‘;-‘ oY 1k L dnall Luall u.a\).a‘}l\ Cddgas Jj‘
c>)l\ cuA\M\yup\f‘)Uqu\qugbd\
,@ng\&m\wm\uu}mmwuo\

A Lelas (s 2T a1 ]

ol s 5 5la) el Lol il (g5 G2t o,
Al e Jeladd dadasdl b, dnl s b e bs geS G
m&u;—b

d’&w\); ) b Led <2076 (L&‘«u:o- 2012 vb&%#‘
wﬂab ula_,w g_M> c:L..aL:L:j J\.MS J&LLM Lﬁ uut.ej.a
(e SNl ety Ld L (Pteropus lylei) igSWl
@&mawmgw,%uubg¢ﬂqu¢w4%
Slu¥1) &2l ol sadls Slusldls (SR pladl
Slasly e(Bu s wa s @Al Lulysy cidl sy
gu”fM¢¢)o&gﬂuuvquuuuuguguwﬂ;
L}«mdouwjﬂabhal\fbo-y‘du:s‘jw@\d};
oLy
agwuuwwpu_wﬂ,uabahﬂﬁéut

.....

QLY Tessl 5 Aoz ol ylns oty Lo . ()U)-‘*':Sﬁ

HE

RIBEE MRS EA S WIEHE B PR EE

B & A BITA AL b 48 2 8] A8 5 b 0 F 5] 3
ar, EIFHT AR BTN B R A R
FiE M 2012 £ E 2016 F, RAVERARGELY
WY EEAT T AL, X S T #AE B R R (3{%

K, BNEATUTHFEWHR  WELEAS
(EFafE. MBS AR AL EAALS (A
MEHARUL IR, SERZEHAT) ; WA RWRK

afhiﬁiﬁﬂ}\ﬁ‘#ﬂ’]%% (o 58 50 o 5 2 U L
At o A B LR AR D
SR BNWEREELT RMBHFERETNEE (R

KA BAERE, BEEERNRNERER AN
AN RN EGR L, URAZHIT B & =, RE W,

Eﬁ4w%ﬁﬁﬁﬁﬁ ATHIEFAEF, BHA
AMEMWMEEFEDFERNERE, B4 Hﬂ%}’wé%ﬁw’ﬁﬁz
KPR S T E B £ B T R E 8 N
DL IR B 4B 4 AR RS AT 30 46 1
1bA%?&EY@%%&%K%ﬁ%%%%RM%
BH, TEMA KA AR LR NS R
R T AT, m%%i%E%%AmA%ﬁﬁ%
By TE £, FE kS AR A BT B

it R A Bk KR R K L 3930 ANRIBRFFARH R 28 AN SRE R E B AL R,
EWME), RMNBTLHEIEAT TR FEHESL
Résumé

Circulation du virus Nipah a l'interface humain—chauve-souris au Cambodge

Objectif Mieux comprendre les risques potentiels d'émergence du virus
Nipah au Cambodge en étudiant différents composants de l'interface
entre humains et chauves-souris.

Méthodes De 2012 a 2016, nous avons réalisé une étude a deux endroits
dans les provinces de Kandal et Battambang, ou nichent les chauves-

souris frugivores (Pteropus lylei). Nous avons associé plusieurs domaines
de recherche: écologie des chauves-souris (phénologie reproductive,
dynamique démographique et régime alimentaire); perceptions
et pratiques humaines (recherches ethnographiques et étude des
connaissances, attitudes et pratiques); et enfin, circulation du virus Nipah
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au sein des populations de chauves-souris et d'humains (dépistage du
virus dans I'urine de chauve-souris et détection des anticorps contre le
virus Nipah dans le sérum humain).

Résultats Nos résultats ont confirmé la circulation du virus Nipah chez
les chauves-souris frugivores (28 échantillons d'urine sur 3930 se sont
révélés positifs lors des tests de réaction en chaine par polymérase). Nous
avons clairement identifié plusieurs vecteurs de transmission potentiels
aux humains liés aux pratiques locales, dont les fruits consommeés par
les chauves-souris et récoltés par les humains lorsque le virus Nipah
circule, ainsi que la production de jus de palme. Néanmoins, une enquéte
sérologique menée aupres de 418 personnes potentiellement exposées
a montré qu'aucune d'entre elles n'était séropositive au virus Nipah.
Les différences au niveau des pratiques agricoles dans les régions ou

Julien Cappelle et al.

le virus Nipah est apparu pourrait expliquer la situation au Cambodge,
et conduire a des actions qui permettront de limiter les risques de
transmission du virus aux humains.

Conclusion Les pratiques humaines sont la clé d'une meilleure
compréhension des risques de transmission associés aux maladies
infectieuses émergentes. Certaines disciplines de sciences sociales
telles que I'anthropologie doivent étre intégrées dans les programmes
de santé qui ciblent les maladies infectieuses émergentes. Etant donné
queles chauves-souris sont porteuses d'agents pathogéenes zoonotiques
majeurs, des études intégrées de ce type pourraient contribuer a
réduire le risque d'émergence d'autres maladies propagées par les
chauves-souris.

Peslome

Linpkynauna Bupyca Hunax B Mectax B3aMoAencTBUA JIloAen 1 JieTyunx mbiwen B Kambomrke

LUenb [JobuTbca nydywero NOHUMaHWsA NOTEHUMaNbHBIX PUCKOB
nosBneHvs BMpyca Hunax B KambomKke 3a CUeT 13yyeHus pa3Horo
POAa KOMMOHEHTOB B3aVIMOLENCTBIA MOAEN 1 NETYUNX MblLLIEN.
MeTtogbi Bneprioa c 2012102016 rofasTopbl NpoBenv UcCneaoBaHme
BIBYX PaloHax NpoBMHUMIA KaHaans 1 battambaHr co 3HauMTeNbHbIMY
KONOHMAMKN KpblnaHoBs (Pteropus lylei). ABTOpbl NCMoONb30Banu
MCCNefoBaHNA MO 3KOMOMNK NETYUMX Mblen (penpoayKTUBHAA
beHonorna, AvHammnKa NONyAALUMIA U NUTaHKE), KU3HEAEATENbHOCTY
M NpeacTaBneHnam ntoaen (3THorpaduyueckme nccnenoBaHus,
nccnefoBaHe 3HaHUM, OTHOWEHMNA U MPAKTUK) U LMPKYAALMK
BMpYyCa Hvnax B nonynAaumMAx fiofei v neTyumnx Mollieit (MOHUTOPUHT
BMPYCa B MOYe NETYUMX MbILIEN 1 OOHaPYKEHWE aHTUTEN K BUPYCY
Huvinax B CbIBOPOTKE KPOBW NtoAeN).

Pe3synbrathbl bbilo MOATBEPKAEHO, UTO B OPraHM3max KpblnaHoB
uMpkynupyet BMpyC Hunax (28 13 3930 o6pa3Los Moun Obin
NONOXNTENBbHBIMW MO Pe3yfbTaTaM TeCTUPOBAHMA METOAOM
nonMmMepasHom LenHon peakuumn). ABTOpbl BbIABUAW YeTKune
noTeHUMabHble MyTW Nepefayn BUPYCa NIOLAM Yepe3 NPUHATbIE
B 3TUX MECTHOCTAX MPaKTMKyemble BUAbl AeATENbHOCTW, BKIIOYAA
cbop noabMU GPYKTOB, KOTOPBIMX MUTAIOTCA KPbIaHbl, BO Bpemsa

UMPKynaumm Bupyca Hunax v aobbluy NanbMOBOrO COKa. Tem He
MeHee B CepOoSIorMYeCcKoM Mccneaosannn 418 noteHuUmnansHo
3aPaXXeHHbIX JIIOAEN HI OLWH YeNOBeK He MPOAEMOHCTPMPOBA
MONOXUTENBHOIO pPe3sysbTaTa Npw Ceposiornyeckor AnarHoCTUKe
BMpyca Hunax. Pasnnuva B CenbCKOXO3ANCTBEHHBIX MPaKTMKaXx,
CyljecTByiolme Mexay permoHamv Kamboaxu, raoe oTmMedyaeTcs
noasneHne BMpyca Hunax, MoryT o6bACHATL CNOXKMBLLYIOCA
CUTyaLMIo 1 yKasblBaTb Ha HeEobXo4MMble MEPOMPUATUA C Liefblo
OrpaHNyYeHna pUcKa NepeaaYn BUpyca JIOAAM.

BbiBopA [1pakTvikyemble OAbMU BUAbl A€ATEIbHOCTY ABNAIOTCA
KMIOYOM K MOHUMaHWIO PUCKOB, CBA3AaHHbIX C Nnepefayert HoBbIX
NHOEKUMOHHbBIX 3a00neBaHni. CoLmanbHble HayUHble ANCLUMMINHDI,
Takve Kak aHTPOMonorvia, AOMKHbI ObiTb BKIOYEHbI B MPOrpammbl
MeIMLIMHCKOrO OBCNYKMBaHWA, HanpaBieHHble Ha 6opbOY C HOBLIMY
NHGEKLUMOHHBIMK 3a60neBaHNAMN. TTOCKONbKY NeTyune Mbillm
ABNAIOTCA NEPEHOCUMKaMM CEPbE3HbIX 300HO3HbIX MAaTOreHOB, TakMe
0bbeMHERHbIe YCCeoBaHMA MOTYT CNOCOOCTBOBATL CHUKEHNIO
pYicKa NOABNEHUA Apyrix 3abonesaHunii, nepefaolmnxca yepes
NeTYYVX MblLEWN.

Resumen

Circulacion del virus Nipah en las interfaces ser humano-murciélago, Camboya

Objetivo Entender mejor los riesgos potenciales de la aparicion del virus
Nipah en Camboya mediante el estudio de los diversos componentes
de la interfaz entre los seres humanos y los murciélagos.

Métodos De 2012 a 2016, se realizé un estudio en dos lugares de las
provincias de Kandal y Battambang en donde habitan los murciélagos
fruteros (Pteropus lylei). Se combinaron investigaciones sobre: la ecologfa
de los murciélagos (fenologfa reproductiva, dindmica de la poblacién y
alimentacién); las practicas y las percepciones humanas (investigacion
etnografica y un estudio de conocimientos, actitudes y practicas); y la
circulacion del virus Nipah en las poblaciones de los murciélagos y de
los seres humanos (monitoreo del virus en la orina de los murciélagos
y deteccion de anticuerpos contra el virus Nipah en el suero humano).
Resultados Los resultados confirmaron la circulacion del virus Nipah
en murciélagos fruteros (28 de 3930 muestras de orina positivas en la
prueba de reaccion en cadena de la polimerasa). Se identificaron las
rutas claras de transmision del virus a los seres humanos a través de

las précticas locales, incluidas las frutas que consumen los murciélagos
y que los seres humanos recolectan cuando el virus Nipah esta en
circulacion, y la produccion de zumo de palma. Sin embargo, segun el
estudio seroldgico de 418 personas potencialmente expuestas, ninguna
de ellas fue seropositiva al virus Nipah. Es posible que las diferencias en
las practicas agricolas entre las regiones en donde el virus Nipah se ha
presentado expliquen la situacion en Camboya y sefalen las medidas
para limitar los riesgos de transmisién del virus a los seres humanos.

Conclusion Las practicas de los seres humanos son esenciales para
entender los riesgos de transmisién asociados a las enfermedades
infecciosas emergentes. Las disciplinas de las ciencias sociales, como
la antropologia, se deben integrar en los programas de salud que se
ocupan de esas enfermedades. Teniendo en cuenta que los murciélagos
son huéspedes de los principales patégenos zoondticos, es probable
que esos estudios integrados también ayuden a reducir el riesgo de
aparicion de otras enfermedades que se transmiten por los murciélagos.
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